Teleseismic receiver functions are used to estimate the crustal structure beneath a 36-station, 500-km-long, NW oriented linear array centered on the eastern Snake River Plain and crossing the Yellowstone hotspot swell 250 km SW of Yellowstone. Structure derived previously for this region from wide-angle reflection data is used as an initial model, and ffiis structure explains most features observed in our receiver functions. Based on a combination of forward and inverse modeling, our data require several modifications to the initial structure: (1) Moho depth is -42 km beneath most of the Snake River Plain, shallows to -37 km to either side, and thickens abruptly to -47 km beneath SW Wyoming; (2) a midcrustal layer interpreted previously as a-9-km-thick gabbroic sill is flat topped across the entire -90 km width of the Snake River Plain; and (3) a low-velocity layer is found beneath and southeast of the Snake River Plain, which probably is partially molten lowermost crust. Using the seismic structure of the crust to estimate the crustal load upon the mantle, and assuming local isostasy, we calculate that mantle beneath the Yellowstone swell is approximately uniformly as buoyant as 12-million-year-old ocean mantle, and more buoyant than the adjacent Wyoming mantle by an amount equivalent of-1.5 km of elevation. The transition between these regions of greatly different mantle occurs across a major Paleozoic boundary that now separates the Basin and Range from the Rocky Mountains.
The model that satisfies our data and requires minimal modification to the structure inferred by the earlier studies has the crust thinning to either side of the SRP, averages -40 km in thickness across the width of the tectonic parabola, includes a lower crustal low-velocity zone beneath the SRP region (which is interpreted as partially molten lowermost crust), and has the presumed basaltic sill with a flat top at a depth of-10 km across the-90 km width of the SRP. Because we use the crustal velocities determined by the active source investigations, our receiver function analysis provides well-constrained estimates of crustal thickness except in regions where Moho Ps conversions are not observed clearly.
Seismic Deployment
Our investigation uses teleseismic data recorded by a Program for Array Seismic Studies of the Continental Lithosphere (PASS-CAL) linear array trending SE for about 500 km from central Idaho across the SRP, the hingeline, and into SW Wyoming (Figure 1) . This array was located-250 km SW of Yellowstone and aligned perpendicular to the SRP, trending directly across the Yellowstone swell. By being oriented in line with most circumPacific events, this array is in plane with more than half of Earth's seismicity. Array operation occurred from May through November of 1993, using 27 broadband and 3 1-Hz, three-component seismometers. These seismometers were moved so as to occupy a total of 55 sites, providing a station spacing of about 10 km. However, the high-frequency seismometers and sites located in or near large sedimentary basins (on the SE side of the deployment) produced little data of quality usable for receiver function study, and sites located in regions of rugged topography (NW and SE of the SRP) experienced significant degradation of data quality. These problems result in array gaps, and only the 36 sites shown in Figure 1 were used in our study. About 375 teleseismic earthquakes were recorded, of which 82 were of quality suitable for use in this receiver function study. These data provided more than a thousand radial receiver functions (and an equal number of tangential receiver functions). Data quality varied greatly from one station to another and from one event to another, and about 350 receiver functions are of a quality that permit modeling of crustal structure.
Receiver Functions
Receiver functions commonly are used to address layered Earth structure through use of the S conversions that arrive shortly after the arrival of teleseismic P waves [Langston, 1977 [Langston, , 1979 Burdick and Langston, 1977; Ammon, 1991 ] . The magnitude and delay of these P-to-S (Ps) conversions provide information on the depths to interfaces and the change in seismic properties across the interfaces. To study the amplitude and delay of the Ps phases, recorded three-component teleseismic data are rotated to the theoretical back azimuth to obtain radial and tangential ground motions. The P wave source function is removed by deconvolving the vertical component from the radial and tangential components. Because the seismic signal is teleseismic, there is little energy at frequencies higher than 1 Hz. In accordance, a Gaussian function (e -t2/a2, for specified value of a) is convolved with the receiver functions to smooth the high-frequency noise, and the resulting receiver functions are band pass filtered in a frequency band chosen to correspond with the response of the seismometer and the goals of the investigation.
Towards achieving the goals of using receiver functions to resolve interface depths and crustal velocities, two basic problems commonly are encountered. First, the Ps delay time and magnitude depend on combinations of interface depth and the seismic P and S velocities (Vp and Vs, respectively) of'the crust above the . Station LES is a particularly well-sampled station, and for a wide range in ray geometry, receiver functions are very similar for the duration between the direct P arrival (at time equals zero) to the Moho Ps arrival, and they show large variations in character after this time. This is typical of most of the stations. In contrast, station VOS is an example that shows an abrupt change in waveform as a function of ray parameter, which is attributed to a large, local change in crustal thickness near this station. Ray parameter, in s/deg, is given for each receiver function. Receiver functions have been band-pass filtered between 0.05 and 1.0 Hz (1-20 s) and convolved with a Gaussian pulse that has a characteristic width of 0.5 s.
absolute value of the velocities above and below the interface, but rather on the seismic impedance across the interface. The main consequence of these limitations is that interface depth is not very well estimated because of the absence of information on absolute crustal velocities. The second basic problem is that reverberatory and direct converted phases may be difficult to distinguish in a receiver function. Reverberations from relatively near surface interfaces (whose fundamental reverberation arrives at times equal to direct Ps arrivals from interfaces about 3 times as deep) tend to complicate and mask conversions from the deeper interfaces, and they may be mistaken for direct Ps arrivals from deeper interfaces. Hence, without direct information on the nearsurface interfaces, ambiguity exists as to which potential interface generated an observed Ps arrival. In spite of these problems with receiver functions, they offer important information that often is difficult to obtain with other techniques. In comparison to the active source experiments, teleseismic P wave data have incident angles that are nearly vertical, interact with the deep crustal structure with relatively great energy, and often can be obtained over a great area with relative ease. For these reasons, receiver function deployments provide information that is especially useful in resolving lateral variations in crustal structure and the regional geometry of the Moho. In our receiver function analysis, we deconvolve by division in the frequency domain and stablize deconvolution by setting the denominator term to a constant absolute value (i.e., "waterlevel" [Clayton and Wiggins, 1976 
Modeling
It is our desire to resolve not only Moho depth beneath our array but also to use our many receiver functions to resolve structure internal to the crust. Several factors work in our favor toward achieving this goal: we have many receiver functions from many closely spaced sites, the receiver functions are usually stable with varying ray geometry and between nearby stations, the on-plain sites are nearly noise free (as seen by the receiver functions in Figure 4 at times prior to the P wave arrival at time =0), there is good information from the previous wide-angle studies on crustal velocities and interfaces (Figure 2) , and the geological history of the region indicates that the crust is a magmatically modified version of the adjacent crust. The fact that receiver functions to onplain sites have a common character that is distinct from the offplain sites (Figure 4) suggests that there is a distinctive structure causing this difference, and that this structure is modelable.
We begin modeling by using the crustal velocities and interface geometries resolved previously ( very different structures. We stabilize inverse modeling by prescribing thick layers where evidence does not support the existence of thin layers. As an initial structure in inverse modeling, we have used Sparlin et al.'s structure, our forward structure, and other velocity structures. After testing these different initial models, we choose a starting structure based on our forward model. Upper and lower crustal layers are parameterized as thick units, and thin layers are placed near the major crustal boundaries in order to allow the model freedom to change effective layer thickness. Following inversion, we adjust the absolute velocities of the resulting structure to be consistent with the reflection-refraction seismic investigations in such a way as to alter the form of the receiver function as little as possible. This is a straightforward operation since receiver functions are insensitive to absolute velocity. Figure 5 shows an example in which an inverse model produced midcrustal and lower crustal velocities that are too high (6.8 and 7.2 krn/s) compared to the velocities derived from the reflection-refraction studies (Figure 2) . We adjust the velocities of the midcrust and lower crust to 6.5 and 6.8 krn/s to correspond with those of the refraction experiments while maintaining the large velocity contrast at 10 km that the inverse modeling included to account for observed phases in the receiver functions. (Figure 1 lb) .
Tangential Energy
Tangential waveforms often contain significant energy, suggesting anisotropy in the crust, dipping interfaces, or scattering from surface or near-surface structure. Figure 12 shows representative tangential receiver functions for events of SE back azimuth.
Tangential receiver functions for the off-plain stations tend to be much more energetic than are those for on-plain stations. The extremely low amplitudes of tangential receiver functions observed on the SRP stations indicates that SRP crustal interfaces do not dip strongly and that this crust is not strongly anisotropic.
The greatest tangential amplitudes occur near the NW end of the array, in the same general region where the radial receiver functions are least coherent (Figure 4) 
Isostasy
By assigning densities to the crustal layers, and assuming local isostasy, we estimate an elevation anomaly with respect to a reference continental mantle lithosphere. Our reference lithosphere is an average of the near sea level margin of the United States along the Atlantic and Gulf of Mexico, for which Braile et al. [1989] give an average crustal thickness of 30 km (i.e., the crustal load holds the top of the mantle at a depth of 30 km) and an average crustal P wave velocity of 6.4 km/s (from which we infer an average crustal density of 2840 kg/m 3, using the work by Christensen flow. We find no evidence that SRP subsidence is associated with major faults bounding the margin of the SRP. While the general physiography across the width of the Yellowstone swell is well explained by variations in crustal structure, the crust across the width of the Yellowstone swell is maintained at anomalously high elevation by a mantle that is approximately uniformly buoyant and positively buoyant compared to the mantle beneath Wyoming (Figure 13 ). The relatively great net buoyancy of the mantle beneath the Yellowstone swell precludes a significant thickness of mantle lithosphere there. The transition from this buoyant upper mantle to a mantle buoyancy more typical of old lithosphere occurs at a location defined by both (1) the SE margin of the tectonic parabola (i.e., the inferred margin of the Yellowstone swell) and (2) a Paleozoic-age hingeline associated with old continental rifting. It is difficult to know which of these features is more fundamental to the origin of the mantle contrast.
